Friedman's book on the consumption function is one of the great works of Economics demonstrating how the interplay between theoretical ideas and data analysis can lead to major policy implications. We present a short review of Friedman's permanent income hypothesis, the origins of the idea and its theoretical foundations. We give a brief overview of its influence in modern economics and discuss some relevant empirical results and the way they relate to the original approach taken by Friedman.
book on the consumption function is one of the great works of economics demonstrating how the interplay between theoretical ideas and data analysis could lead to major policy implications. The theory of the consumption function played an important role in explaining why traditional Keynesian demand management, through transitory tax policy or other transitory income boosting measures can have little or no effect on real consumption and on the desired policy outcomes. The apparently simple ideas in this excellent book have been so insightful and powerful that they have given rise to a huge amount of research, both theoretical and empirical, which continues to this date. In this short article I trace out some of the research relating to the permanent income hypothesis (PIH), particularly that which has been based on microeconomic data, and I demonstrate the relevance of these ideas for our current way of thinking about consumption, savings and income processes. Friedman and Kuznets (1954) , which was actually written in the early 1940s but delayed in publication, first formulated many of the ideas of the PIH, including the permanent/transitory decomposition of income. The core of these ideas, together with further tests, was brought together in Friedman (1957) . In my review of the PIH I draw mainly from this latter work.
The Permanent Income Hypothesis

A Statement of the Hypothesis
Milton Friedman's PIH originates from the basic intuition that individuals would wish to smooth consumption and not let it fluctuate with short-run fluctuations in income. In fact the model was developed to explain important empirical facts in a unified framework. For example, why is income more volatile than consumption and why is the long-run marginal propensity to consume out of income higher than the short-run one? To answer these questions Friedman hypothesised that individuals base their consumption on a longer-term view of an income measure, perhaps a notion of lifetime wealth or a notion of wealth over a reasonably long horizon. The basic hypothesis posited is that individuals consume a fraction of this permanent income in each period and thus the average propensity to consume would equal the marginal propensity to consume. The propensity itself could vary with a number of factors, including the interest rate and taste shifter variables, or could reflect uncertainty we will return to these important insights below.
Friedman set himself the task of testing his hypothesis against an increasing set of empirical facts from time series data and budget studies. The standard least squares regression of consumption on income would always point to a marginal propensity to consume below the average propensity. Conditioning on extra regressors seems to make things worse. It is at this point that Friedman's ingenuity, brought together the literature on budget studies by Reid (1952) , Morgan (1951) and others, as well as time series analyses with econometric ideas on measurement error to devise estimation techniques, that not only allowed the testing of the basic hypothesis, but led to the estimation of underlying parameters that directly characterised the Permanent Income Hypothesis (PIH). As far as the role of measurement error is concerned the works of great economists and statisticians of the time, namely Harold Hotelling 1 and James Durbin, influenced Friedman. He brings together empirical results and statistical theory, and develops new results by combining these with his economic ideas.
The ingredients of Friedman's model are permanent consumption (c p ), permanent income (y p ), transitory consumption (c t ), transitory income (y t ). Measured income is the sum of permanent and transitory income (y t ) and measured consumption is the sum of permanent and transitory consumption (c t ), i.e.
Permanent consumption is determined by the equation
where k(r, z) is the average (or marginal) propensity to consume out of permanent income which depends on the rate of interest and on taste shifter variables z. The transitory components may reflect genuine fluctuations, or measurement errors. The key point is that the consumption plan does not depend on the transitory components. To provide empirical content to this hypothesis, Friedman added the assumptions that the transitory components are uncorrelated to each other and uncorrelated to the permanent component.
Friedman then goes on to show that the slope coefficient of a regression of observed consumption on observed income would lead to an underestimate of the marginal propensity and to a positive estimated intercept. Moreover he shows that the rate of attenuation of the marginal propensity to consume is equal to the ratio of the variance of the permanent income to total income in the data at hand (cross section or time series). This is now known as attenuation bias due to classical measurement error. He also showed that the rate at which k is attenuated is equal to the elasticity of observed consumption to observed income, which provided him with an independent test of the PIH, since he could estimate the same parameter by two different ways, using different data sets.
Using this simple but ingenious apparatus, he set out to explain the results from budget studies and time series data that seemed to contradict the permanent income hypothesis.
Why is it the case that the marginal propensity to consume in cross sectional data is lower than the average propensity and how can this be reconciled with the fact that the consumption function shifts upwards over time? His interpretation was that the results from a single cross section suffer from attenuation bias and the estimated consumption function using observed data shifts over time because permanent income goes up. Thus for a given level of observed income, permanent income is higher in later years than in earlier ones. In fact if one joins the average observed pairs of consumption-income points across time one recovers a function that implies that the marginal propensity is equal to the average one, in the data that Friedman used. The idea is that average income reflects (average) permanent income, since by the law of large numbers the transitory components average out. The pattern is repeated in a number of other data sets and circumstances. For example an interpretation of why blacks save more than whites with the same observed income is that the former have lower permanent income than whites. When we condition on blacks being in the same observed income class, the transitory component of income (which does not affect consumption) is likely to be larger among blacks than whites. Similar arguments can be made when we compare the self-employed to the salaried workers or farm to non-farm households, the first in each pair having larger transitory components to their income.
The evidence he presented in favour of the PIH is compelling; however it is interesting to interpret the method of analysis that Friedman used with modern terminology and to state explicitly the assumptions made, since this will allow us to motivate the subsequent research on consumption.
By comparing averages over time or across different groups of individuals, Friedman is implicitly using instrumental variables, now a well recognised technique for dealing with classical measurement error in linear models.
2 Take the comparisons over time. The basic premise is that because of overall growth, later time periods are associated with higher permanent income. Moreover, if neither the mean of the transitory component of income nor preferences change over time we can use time as an instrument; the procedure used is what has recently been used to describe the generalised Wald estimator. Wald (1940) suggested comparing group averages to overcome measurement error, although the way he approached grouping was not quite right. This is because he defined groups by class intervals of the variable that was supposed to be measured with error. The group averages will not be devoid of measurement error in this case. Friedman's approach, in the same spirit, was actually correct and bypassed Wald's error because he constructed groups based on other variables, such as time or ethnicity or occupation. Moreover, what Friedman did informally, joining means across groups, Eisner (1958) implemented formally by using as comparison groups occupation, city class categories and/or age either alone or crossed. When regressing group means of consumption on group means of income Eisner (1958) found a remarkable agreement of the facts with the PIH, as all elasticities in the between group regressions were very close to one.
There may be reasons to question some of the assumptions underlying the empirical analysis of both Friedman and Eisner, as is often the case. For example the analysis relies on whether we believe preferences (and other factors determining consumption) are similar enough across the groups we are comparing or across time. Nevertheless, this is one of the first theoretically coherent applications of instrumental variables to empirical analysis, with extraordinarily successful results.
The Notions of Permanent Income
The PIH provides a flexible framework for the study of consumption and savings. Much of the subsequent research has filled in those elements necessary for explaining aspects of the data, thus defining the agenda for research on consumption and savings. Contrary to formal versions of the model, which I discuss later, the PIH as stated by Friedman did not take a very firm view on the appropriate horizon for consumer choice. The basic hypothesis requires a rolling horizon, which allows some degree of smoothing of consumption. However, the flexibility of the hypothesis comes at a price, since it is hard to define the theoretical underpinnings of the model and consequently it is hard to make more detailed statements about policy.
The loose definition of permanent income leaves open the question of its measurement. A moving average or distributed lag of past incomes are both options that have been suggested. However the way one measures permanent income should be part of the model and has to do with the way individuals form expectations as well as with the stochastic process underlying income. Friedman points this out in the consumption function book when he states that that permanent income is best defined '… to be whatever seems to correspond to consumer behaviour. ' (p.23) This invites us to use theory to identify from the data on consumption the correct notion of permanent income, or as happened eventually, to bypass its measurement completely, when testing the hypotheses corresponding to some version of the PIH. The development of the Euler equation approach for the study of savings and consumption, the introduction of Rational expectations in economic modelling and the Lucas (1976) critique, provided both the motivation and the means by which to develop tests of the PIH that did not involve measuring PI, at least with backward looking distributed lags, or other similar tools.
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We will now turn to describing the theoretical foundations of the hypothesis and the empirical analysis that followed.
The Theoretical Foundations of the PIH
There have been other attempts to explain consumption behaviour. The reason the PIH has endured so much is because, beyond its simple intuitive appeal, it is a special case of an intertemporal optimisation model of consumer behaviour, which is the most coherent and logically consistent model we have at present.
3 This model has its roots in the works of Fisher (1907) and Ramsey (1928) and has since been developed in many directions.
Let us recall the basic elements of this model. Since the PIH includes the notion of shocks to income, which may reflect real but transient or even permanent fluctuations to income, the theoretical framework should allow for uncertainty.
Consider a consumer who maximises expected lifetime utility, subject to a lifetime budget constraint. Expectations are rational and there are no liquidity constraints, in the sense that the individual can borrow and lend at a constant interest rate. Thus we have that the optimal consumption plan at time zero maximises the sum of expected utility subject to a life-time budget constraint.
where A 0 is initial non-human wealth. Under uncertainty the problem is solved in each period to accommodate news on income. The key implication of this model
is that the marginal utility of consumption in each period is equal to the expected marginal utility of wealth multiplied by a factor depending on the interest rate and the rate of time preference. This expresses very closely the ideas underlying the PIH. Under certain circumstances this yields a version of the PIH, where permanent income is defined as total lifetime wealth. Thus for example, if the rate of return is equal to the discount rate (R ¼ b) and there is no uncertainty, consumption will be constant if preferences do not change over time. In this case we can write consumption as a constant proportion to total wealth, which provides a version of the PIH when transitory shocks are all meas-urement error. However a better insight can be obtained by using the quadratic utility function. With quadratic utility and assuming expected utility maximisation we get that consumption is expected to remain the same
which formed the basis of a test of the PIH by Hall (1978) . This combined with the budget constraint gives the result that consumption is proportional to expected wealth
s y s is the expected life-cycle wealth. This provides an immediate justification for the PIH and shows how the average (marginal) propensity to consume relates to the interest rate. It is also very closely related to the ideas expressed in the work of Modigliani and Brumberg (1954) and Ando and Modigliani (1963) on the Life-Cycle Hypothesis, which introduces formally lifecycle considerations.
Now lets see how consumption is supposed to react to changes in current income, which was one of the key motivations for the PIH. As shown by Sargent (1978) , Flavin (1981) and later elaborated by Campbell (1987) this version of the PIH implies that consumption changes are equal to the annuity value of all revised changes in future incomes. Thus for the infinite horizon case we can write
The term (E t ) E t)1 )y t+s reflects revisions in expectations on the income flow. In the simplest case where the income process contains a deterministic component possibly time varying but known in advance, plus a transitory component we get that consumption does not react (much) to current income fluctuations. In fact the reaction is zero for anticipated changes and the reaction to unanticipated transitory shocks equals the annuity value of the shock. This will typically be very small, at least for a young individual. This reflects very clearly the thinking of Friedman and it is an intuition that finds expression in modern economic analysis. However, there are doubts on whether this is a good description of the income process. If the shocks to income are permanent, then all future levels of income will be revised upwards or downwards by the same amount leading to a reaction of consumption, which is equal to the change in current income. This is perfectly consistent with the PIH, since Friedman explicitly argued that changes over time should reflect (unexpected) changes in permanent income.
In discussing permanent income Friedman explicitly allowed for the possibility for some form of Liquidity constraints, when he stated that the discounted sum of future incomes does not have much intuitive appeal as a measure of permanent income because it '… implies that units can borrow […] at the same interest rates at which they can lend …' (p.25). So how do liquidity constraints affect the argument and are they really important from an empirical point of view?
With liquidity constraints in the model discussed above, individuals with positive assets will always behave as in the PIH but individuals with zero assets may have consumption behaviour such that consumption tracks predictable changes in income, whether transitory or not, in the presence of borrowing restrictions. Whether this will be detectable in the data will depend on the proportion of individuals who are thus constrained.
Thus on closer examination it follows that the PIH and its implications for policy requires us to take a stance on the definition of permanent income and on how capital markets operate.
These observations have given rise to a large literature on testing for LCs based both on macroeconomic aggregate data and on microeconomic data. Two of the best known tests of LCs on aggregate data are the one by Flavin (1981) and Blinder and Deaton (1985) . Flavin (1981) estimates a structural time-series model of consumption and income and tests whether lagged income growth matters for consumption, once one controls for innovations to consumption due to unexpected changes or 'surprises' in current income. Blinder and Deaton (1985) implement a similar 'excess sensitivity' test which states that under the null only income surprises should matter for consumption growth. Predictable income growth should not matter. The findings of both these papers is that the version of the PIH with perfect capital markets, as expressed in the equation above, is rejected -in line with Friedman's suspicions. In both papers, predictable changes in income are shown to affect consumption. Nevertheless, the sensitivity of consumption to these predictable income changes is actually quite low, with a marginal propensity to consume out of current income in the Blinder and Deaton paper of about 0.15, once we control for PI. This is not too say that this is not important but to lay the ground for arguing that a more general version of the PIH, with similar foundations, is in fact consistent with the data, although the version of the PIH developed here is probably too restrictive.
Risk Aversion, and the PIH
A key restriction of the model above is the absence of any considerations of risk aversion. Given that markets are never found to be complete (Cochrane, 1991; Attanasio and Davis, 1996) and given aggregate uninsurable shocks this must be a central issue.
Friedman was explicit about the role both of taste shifter variables, such as demographic composition and about uncertainty, in determining the average/ marginal propensity to consume. He saw that under uncertainty, the average propensity to consume out of permanent income could be lower. He also saw that the average propensity to consume may differ depending on demographic composition of the household. While these ideas were not formalised at the time they turn out to be key elements in demonstrating that some generalised version of the PIH does in fact fit the data very well and can explain observed consumption patterns. Friedman however, rightly warned against 'controlling' in a simple minded way for demographic effects or other variables that may proxy for permanent income, since these
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could exacerbate the impact of measurement error and falsely imply that the PIH does not work. This 'partial correlation analysis', as he calls it, can in his words render a budget study 'worthless' however much 'loving care' is put into the analysis. This issue recurred in the work of Griliches (1977) many years later in the context of studying the impact of education on wages, when education has been measured with error. The argument indicates that allowing for taste shifter variables when testing the PIH is a delicate matter and may undermine the hypothesis. So we will now describe an extended model applied to microeconomic data and we will discuss the results obtained in this framework. Consider a framework, where preferences for consumption depend on household composition. It may for example be reasonable to think that more consumption is shifted towards the household when it consists of more members. Another important mechanism for this is the price index itself; if households with children consume a different bundle of commodities than households without then the relevant deflator would be different.
The quadratic preference specification, used to show the theoretical foundations of the pure version of the PIH, does not allow for precautionary savings. The individual behaves in exactly the same way as if she were given with certainty the expected lifetime wealth. This is of course very restrictive. So, in addition to controlling for changes in preferences as a function of household circumstances we also change the structure of the utility function to have a positive third derivative, which has been proven to be the key to allowing for precautionary savings (Sandmo, 1969; Drèze and Modigliani, 1972) .
Most of the ideas can be presented in a framework where the utility function takes the constant relative risk aversion form with a discount rate or a risk aversion coefficient which is a function of demographic variables and written as
where a(z t ) is a function of variables that can affect preferences. The choice of these variables is of course a key issue. First, one might include demographic variables, such as family size and the number and ages of children, since these will shift the needs and preferences of the household over time. Zeldes (1989) bases a test for liquidity constraints on a model including variables that reflect needs and rejects the model. However, his model is based on food consumption alone. This specification is likely to reject the hypothesis of no liquidity constraints, unless preferences across commodities are additively separable and homothetic. This is because we will be attributing changes in consumption growth that are due to changes in prices, to changes in real incomes. Attanasio and Weber (1995) show the practical importance of this issue. However, this is not the only reason why the model was rejected. Heckman (1974) pointed out that if consumption is not additively separable from hours of work and this is ignored, the resulting consumption choices over time will look as if they track income, in a way that would reject the basic premise of the permanent income hypothesis. This suggests that we should include variables describing the labour supply behaviour of the household members.
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[ J U N E It is not in general possible to find an explicit solution to the consumption function when preferences are isoelastic, as in the example above. Moreover it is probably not desirable for the purposes of testing the model, since this would require a complete specification of the income process, information about assets and a modelling of the evolution of demographics. Thus the empirical approach to test for this model is to use the Euler equation. This can be approximated by
This expresses most of the intuitions in Friedman's PIH and as we shall argue, fits the facts very well. According to this equation consumption growth increases when interest rates are predicted to be high. Moreover consumption growth will be positive, implying higher savings, when the conditional variance of consumption is higher than the personal rate of discount (the trade-off between precaution and impatience). The other source of changes in consumption growth, are changes in taste shifter variables and labour supply, summarised in z. Finally the error term u t reflects changes due to unexpected events. As before, these will be equal to the permanent shocks to income and will contain a very small fraction of a transitory shock, for a reasonably young person.
This formulation gets round the problems of the 'partial correlation analysis' discussed by Friedman because we implicitly control for permanent income. This regression can be seen to be the log difference of Friedman's basic equation, where the permanent income (or in terms of a more recent terminology the inverse of the marginal utility of wealth) is differenced out and hence does not need to be measured.
We use the graphs in Figure 1 (taken from Blundell et al., 1994) to show intuitively why allowing for changes in preferences over the lifecycle is key to showing that the PIH is a very good description of the data. In these graphs we show log consumption, log income, the number of children and female participation, over the life-cycle of individuals. It has been constructed by overlapping cohorts over a long period of time, in the spirit of Ghez and Becker (1975) . Each line on a graph represents the time series evolution of consumption, income, demographics and female participation for one cohort. This gives us a synthetic view of how key variables change over the life-cycle.
The first interesting point is that income appears to be more volatile than consumption, since the lines for log income are more dispersed than those for consumption, implying that individuals smooth out fluctuations that are not perceived as permanent. Moreover, the large income growth apparent for the middle cohorts, is not matched by equivalent income growth for consumption, also implying that this growth was perceived as transitory. However, the observation of those suggesting that the PIH is invalid is that the graph of household consumption looks remarkably like the graph of household income, despite the fact that the income path is predictable and hence does not represent changes in permanent income. Interestingly, when female participation dips in the childbearing ages, consumption does not dip. However, neither does income, telling us something about the timing of births relative to male earnings growth but little
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about the validity of the PIH. However, we also note that the number of children also tracks income. Indeed log consumption per adult equivalent allowing for the change in household size, grows more or less steadily, which is consistent with the presence of precautionary savings and with the PIH, as I will illustrate below. The equivalence scale is of course arbitrary and does not allow for the allimportant impact of labour supply. We can include these variables freely and we can allow for the fact that they are endogenously chosen, when estimating the model for consumption. The question one asks empirically is whether the estimated model fits the data and whether the overidentifying restrictions are acceptable. So in Table 1 we show the impact of predictable income growth on consumption growth as estimated in Blundell et al. (1994) for the UK and Attanasio and Weber (1995) for the US. In both cases the effect of predictable income growth on consumption growth declines substantially and becomes insignificant when we allow for demographics and labour supply. Thus most of the 'income tracking' behaviour of consumption can be explained away when we allow consumption to be non-separable from labour supply. In the Blundell et al. (1994) paper, it seems that most of the action comes from controlling for male labour supply. Importantly, in both papers, including these other factors, from which consumption is non-separable, reduces the coefficient of income growth very substantially, as well as making it statistically insignificant. In the Blundell et al. (1994) paper, this occurs without a substantial loss in precision.
From this, we can conclude that once we control for uncertainty and for nonseparability this extended PIH describes the data very well. Nevertheless, one issue that may put the result into question is whether the test still has power, because transitions in and out of employment are an important source of income fluctuations. On the other hand (predictable) wage rate fluctuations are also important and provide information for testing for the PIH. This is particularly true over recent periods with such large changes in education and gender wage differentials, some of which seem to be predictable.
The Nature of Permanent Income and the Estimation of the Time Series Properties of Income
Quite apart from the study of consumption, Friedman's work also set the agenda for studying income processes. The study of income processes has been motivated in part by the study of consumption and savings because it has become apparent that knowing the time series properties of income may be informative about consumption behaviour. It can for instance possibly provide additional testing power for economic hypotheses. Friedman demonstrated this when he used the income process to obtain an indirect estimate of the elasticity of consumption to current income and thus provide an additional test of his hypothesis. Lillard and Willis (1978) were one of the first to study income processes. They modelled income as the sum of a deterministic part, including a trend and other variables reflecting human capital and of an unobserved component including a fixed effect and a transitory shock; the latter was assumed to follow a first order autoregressive process. The fixed effect can be thought of as being the permanent component of income. The rest is a transitory component, which may include measurement error. Their reasoning clearly originated in Friedman's work, although their emphasis was on mobility. Interestingly they also compute the ratio of the variance of the permanent component to the total variance and the number they get is similar to the one reported by Friedman. Of course such an empirical study takes an explicit stance as to what is PI; in this case it is income averaged over the observation window of the data.
The Lillard and Willis (1978) model was very influential and had implications for both consumption and for income mobility. However, an important issue has been raised since: is the permanent component of income fixed, or does it get updated by random shocks? In other words does income have a martingale component generating a stochastic trend, or are all trends deterministic? This is a key issue of course for the consumption literature because, as also implied by the PIH, any permanent shock to income would be transmitted one for one (or more) to consumption, making consumption growth at least as volatile as income growth. If it is the case that income has a unit root, then the question is whether consumption is volatile enough to be consistent with some version of the PIH. Of course it still remains the case that consumption should not respond to predictable changes in income.
A seminal paper on this issue has been written by MaCurdy (1982) , where he shows that earnings from the PSID are best described by the sum of a random walk and an MA(1) component. Thus his preferred representation for income of individual i in period t can be written as
In the above e represents a permanent shock while u represents a transitory shock and the x represent other observed characteristics determining permanent income, such as age and education. This result has endured different estimation and testing methods and studies, and updated date sets. Abowd and Card (1989) , Gottschalk and Moffitt (1993) as well as Meghir and Pistaferri (2002) , find similar results and develop these ideas. This perhaps leads us to update our notion of permanent income and firmly suggests that backward looking methods of computing PI can be seriously misleading. This justifies even further Friedman's reluctance to define PI in a precise way. Combining this income process, together with the consumption model presented above, is capable of explaining a number of key observations on consumption and its distribution across individuals in a cohort.
There have been further important developments which go far beyond this short retrospective. This includes the role of precautionary savings (Deaton, 1992; Carroll, 1992; Blundell and Preston, 1998; Attanasio et al., 1999) as well as the
interactions of savings and the welfare system (Hubbard et al., 1995) , not to mention the important and related literature on asset pricing including the seminal work by Hansen and Singleton (1983) .
Conclusions
Most important discoveries and insights are simple, economical, have important implications for a broad range of issues and withstand the test of time. Moreover, they generate large amounts of research, verifying it and refining it. This is exactly the case with Friedman's PIH. At the end of all this, the original idea has not only survived but has formed the basis for developing a coherent analysis of consumption and savings. As such it will always be remembered as a key turning point in the development of economic science.
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